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j'Sl

Pertorm a tluoroscopy scanning on the article to be
detected, to obtain mass data per gnit area or unit
volume for each point of the article to be detected

S2
v /

Obtain comresponding dose distribution data based on
the mass data per unit area or unit volume and a preset
mapping model, wherein the preset mapping model
inciudes a mapping relationship between mass per unit
area or unit volume and the dose distribution of the
article under trradiation of a preset amount of energy

! IS3

Match the dose distribution data with a thioroscopy
image of the article to be detected, to generate and
display a radiation 1mage

Fig. 1

— 5110

Obtain, when the article to be detected is scanned by X-rays.
mass thickness data of the article under 1rradiation energy
corresponding to the X-rays

| " $120

Classify mass thickness values in the mass thickness data
according to a mass thickness classification condition
corresponding to the article to be detected, wherein the mass
thickness classification condition 1s determined based on
mapping relationship data between the mass thickness values
and electron beam irradiation dose distribution data
corresponding (o the article to be detected

! _— S130

(Generate, based on each mass thickness value, a classification
of the mass thickness value and the electron beam wradiation
dose distribution data, the radiation 1image for displaying the
mass thickness vahies and the electron beam 1rradiation dose

distribution data of the article to be detected

Fig. 2
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9210

Obtain theoretical data of the mass thickness values and the
clectron beam irradiation dose distribution data corresponding
to the article to be detected

| 5220

Modity the theoretical data by using measurement data of the
mass thickness values and the electron beam 1rradiation dose
distribution data corresponding to the article to be detected, to
obtain the mapping relationship data

Fig. 3

3310

Determine a dose unevenness value corresponding to each mass
thickness value based on the mapping relationship data

0320

v

Create a mapping relationship curve based on each mass
thickness value and its corresponding dose unevenness value

| _—— 3330

Determune multiple critical points in the mapping relationship
curve, and classity the mass thickness values into multiple
classes according to the multiple critical points

Fig. 4



U.S. Patent Jun. 28, 2022 Sheet 3 of 11 US 11,369,333 B2

¢‘. ;} leta e e e e e e e e e e e T e e e T e e e e e e e e e e T e e e e e e e T e e e T e e e T e e e T e e e T e e e T e e e T e e e e e e e T e e e T e e e T e e e e e e e T e e e T e e e T e e e T e e e T e e e e e e e T e e e T e e e T e e e T e e e T e e e e e e e T e e e T e e e e e e e T e e e T e e e T e e e T e e e T e e e T e e e T e e T e e e T e e e T e e e T e e e e e

. L . "
' '

r
L + r . - "
3 .

' l-bl‘-l"-l"-l"-l"-l"-l"u ha
R #“l“# *
Ll ) ‘-# .

l‘-I

l_l_#.#_#_#.#_i_i_i_i_i" ._#_#_1_#_#_#_1_#.1_#_]_

v
4 A
o

"

L]
¥

-

[
L

)

l‘i'
u,

.

"

.

[
wlate

..
I.l.l.

4

Fl

-
-
L
'i [
'
-
K
'
*‘I
-‘_-II
e
* L ]
e
Wt
ll.l.

i

El
4
Ll

-

-
)
[ ]

ol ta
]

e b e e b e e PR R R

Lok kel il kb byl i » Ll e kel el kb b b
» o
L |
Wy ]
*

1

.
ir

ir

[ ]

[

ir

ir

]

li
3
]

]

ir

.ﬁ'
ll.h

v
4
I.

.
i)

L]
r
-.
L]
i
L N
r
.l.l

;
&
.‘.

»
[ ]
-

L LI R O, A
e . _.;} .

i
...:.
W

L]
-
[ ]
.'I

"
ir
-

* L
* L] illl_flq'lq'l_#lq'lq'l_#lq'lq'l_#lq"# "

™
T
E ]
ir
L]
i
™
]
r
-
]
a0
-
T
a
.
L
.',.#
r
VAT

>
X
N
i
s
W

)
-

- alnlalolulalalelal

do
W
x

]
L |
1
[ ]
.“
r
L]
r
i
.
L ]
L]
Y
»
i
Ll
,
v
L ]
h'l'l'l'l'

il.
'
A
[ ]
'i
4
s
A
.
i a
W R M M W M M W W S P S P N N S _CR_SF YT Y Y N W W W Y Y Y P W v M w o w w w w W W W W W oW _W_W_W_W
.
¥
a
PR
L |

4 4-l' L]
e i,".."..".,".."' L
'-"-Ill-"l‘l1!'1!'1!'1!-1!'1!'1!'1!'1!'1!'1!'1!'1!-1!'1!'1!'1!'1!'1!-1!'1!'1!-1!'1!'1!'1!'1!'1!-1!'1!'1!'1!'1!'1!-1!'1!'1!-1!'1!-:'l' e

.
b ]
|
I-ﬁ
L
o
N TN
..'I.'I.....‘Il..i.‘...

et
W .

LI | "

LN | -‘

g -

M [ ]

Y. "
T ;, o T = ¥ N o, " o o
¥, : o s % 2 o & 2 KX X 0

sy thuckness £ i

Fig, 5

‘-
-‘-
-‘-
-‘-
[ -
oy L3 .
. [ [
LR Ll
-‘-
-‘-
-‘-
-‘-
'u
R 25
W L3
-‘-
-‘-
-‘-
I-I' .
Ay -
L‘_Jl .
Ll
& L L]
IR Y
Rl Ll
-‘-
-‘-
-‘-
- e
L] L B L]
LR .
e v,
-‘-
-‘-
-‘-
' a - e
L ] [
-h." -ﬁ'ﬁ - .‘-
LN ‘o
Ll
L]
7P ¥
L]
N 2
ﬁ ' e
L]
‘J v

et
e

*l‘l'l'j'l'l'j'q.;iqj'l‘ .

-'-
L3
+

r'a
<
rI

Jr

L}
e
-

O UTEVCTT

(]
-
r

O

rpra— - -
T
- P T Y . -
u + kB b bk B B B B E R R R .
- - L L]
[ ] [ ]
- RN ] .. |-*
F ke bk b e b b e e & 3 [ .."'.. ' § .
- 5 - . - . L. X,
N : > . R e .
- [ ' B = om = 3
‘j --.|' - . r" --"J. 3 § LN l.- [ } -- .. ¢*
- . 3 ] ) n 3 T
. " Ty * " L. -
] P § ] L
. rE oA =k n B m o= om m o= o= omomomomow r -
. [ A e
L P PP T T T . r I
m F ki rr L II'.
LI h = = = = = ® = = = - foa wm
] NS . l.'.*qiq-b;d.*;ba*J-"J-"J-"J-"J-*J-"J-"J-"J-"l"}*}*l"}*l"l"}*l"l"l‘ R s A S S S T
LI | - -onr
. L
l* -, 'rr o *1.4.‘4‘{“_4'
1) - .t o 'are k-
- . n - - 2.
- N
LR .. '.".‘-“*‘*‘
e LI I _llb-llb#
] ¥ PRI . Bl
- - CE T T T T R T T B R oo dpdp =
1] LR T U R U U U U rkr hFF
. LT R EE, P B
» oy il EOREL
- ] - Ahow o i kR .
| I e ] SR N
4 I. - - ax o i L
» - » N I e
A vl - + % b B ¥

PEET RN
. *1‘_1.1'.#‘# & " "
A TR
L

o
"ol
-
L]
4
x

e
o

. .
I-"I-I'I-' I-"I-I'I-' I-‘!-l'l-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"I-I'I-' I-"r

C r a I N b Tl P b > " )
T L 5% L R R LR R S Ak

Fig. 6



U.S. Patent Jun. 28, 2022 Sheet 4 of 11 US 11,369,333 B2

_—S131

Assign a display pattern corresponding to each mass thickness
value based on each mass thickness value and the classification
of the mass thickness value

9132

Generate the radiation image of the article to be detected, based
on the display pattern corresponding to each mass thickness
value

h 4

Fig. 7

Assign a display pattern corresponding to each mass thickness
value based on each mass thickness value and the classification
of the mass thickness value

I _—S132

Generate the radiation 1mage of the article to be detected, based
on the display pattern corresponding to each mass thickness
value

v Yl
Obtain a mass thickness value corresponding to a target pixel
point or a target area in the radiation 1mage

_—S134

Query, from the mapping relationship data, the electron beam
irradiation dose distribution data corresponding to the mass
thickness value of the target pixel point or the target area

5135

Display the electron beam wrradiation dose distribution data in
the target area

v

\ 4

Fig. 8
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_— 5131

Assign a display pattern corresponding to each mass thickness
value based on each mass thickness value and the classification
of the mass thickness value

v — 8132

Generate the radiation image of the article to be detected, based
on the display pattern corresponding to each mass thickness
value

I 5133

Obtam a mass thickness value corresponding {o a target pixel
point or a target area in the radiation 1mage

! o134

Query, from the mapping relationship data, the electron beam
irradiation dose distribution data corresponding to the mass
thickness value ot the target pixel point or the target area

o S135

) 4

Drsplay the electron beam wradiation dose distribution data in
the target area

| 5136

Determine a dose unevenness value corresponding to the target
pixel point or the target area, based on the electron beam
irradiation dose distribution data corresponding to the mass

thickness value of the target pixel point or the target area

o S137

h 4

Determine irradiation effect based on a comparison resuit
between the dose unevenness value and a preset maximum
unevenness

. 5138

Display the dose unevenness value and the trradiation effect in
the target area

Fig. 10
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S410
[

Construct a standard dose distribution model

l J”S420

~ Perform the fluoroscopy scanning on the article to be
detected, to obtamn a stereoscopic fluoroscopy nmage ot
the article to be detected and a detected density value of
cach spatial point of the article to be detected

S430
. v _ E—
Obtain dose distribution data of each spatial pont of the
article to be detected. based on the detected density
value of each spatial point of the article to be detected
and the standard mapping relationship in the standard
dose distribution model

v {5440
Match and display the dose distribution data ot each
spatial point of the article to be detected with the

stereoscopic fluoroscopy image

Fig. 11

S411
J

Construct an mitial dose distribution model

S412
v |
Obtain a correction model
S413
Y [

Obtain the standard dose distribution model by
correcting the 1nitial dose distributon model with
the correction model

Fig. 12
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S4121
r

Provide a correction component matching the article
to be detected, wherein the correction component
includes multiple correction blocks of various sizes

\ 4

4122
f S

Perform a fluoroscopy scanning on the correction
component to obtain theoretical density values of
the correction component

v

$4123
J

Measure masses and sizes of the multiple correction
blocks to calculate multiple real density
values corresponding to the multiple correction

blocks

i

S4124
f

Fit the multiple real density vatues with the
theoretical density values o obtamn the correction
model

Fig. 13

Fluoroscopy unit

10

Data processing
unit

20)

Image processing
unit

30

Fig. 14
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— 410

Data obtaining unit

| — 420

Data classification unit

| — 430

Image generation umt

Fig, 15
Article to be Correction
detected component
200 150
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Stereoscopic
fluoroscopy device
120
Model processing
device Calculation device Display device
(10 130 140
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METHOD AND APPARATUS FOR
DETECTING DOSE DISTRIBUTION OF
ARTICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims priority to

Chinese Patent Application No. 201910568018.4, ftitled
“RADIATION IMAGING METHOD AND APPARATUS

BASED ON DETECTION OF DOSE FIELD” and filed on
Jun. 27, 2019 and Chinese Patent Application No.
201910566051.3, titled “METHOD AND APPARATUS
FOR DETECTING SPATIAL DOSE DISTRIBUTION OF
ARTICLE” and filed on Jun. 27, 2019, the entire content of

which 1s incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to the technical field of
irradiation processing, and in particular to a method and
apparatus for detecting a dose distribution of an article.

BACKGROUND

Irradiation processing 1s to use physical, chemical and
biological effects of rays on substances to achueve a prede-
termined target eflect. Irradiation processing may be used
for food preservation, sterilization of medical and health
care products, sterilization of packaging materials, steriliza-
tion of cosmetics, and modification of materials. Irradiation
processing involves a wide range of fields, 1s an important
processing stage 1n industries such as food processing,
medical and pharmaceutical products processing, which are
related to the national economy and the people’s livelihood,
and has become an important component of the national
economy.

When an electron beam 1s used for irradiation processing,
due to limited penetration of the electron beam, for a cargo
with considerable thickness, a distribution of a dose field
inside the cargo 1s particularly important. Once a package
size and a loading method of the cargo do not match a
penetration ability of the electron beam, 1t 1s easy to have
accidents of 1rradiating quality, such as impenetrability or
failure to meet a standard dose field. Theretore, the real dose
distribution in the cargo is critical to irradiation process,
production plan, and quality control.

Therefore, before the irradiation processing, 1t may be
necessary to know dose distribution data of the cargo. At
present, a commonly used detection method 1s to unpack the
cargo and bury a dosimeter in the cargo for testing, which
involves low efliciency, high cost and high technical require-
ments.

SUMMARY

The embodiments of the present disclosure provide a
method and apparatus for detecting a dose distribution of an
article.

In an aspect, an embodiment of the present disclosure
provides a method for detecting a dose distribution of an
article. The method includes performing a fluoroscopy scan-
ning on the article, to obtain mass data per unit area or unit
volume for each point of the article; obtaining corresponding,
dose distribution data based on the mass data per unit area
or unit volume and a preset mapping model, wherein the
preset mapping model includes a mapping relationship
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between mass per unit area or unit volume and the dose
distribution of the article under irradiation of a preset
amount of energy; matching the dose distribution data with
a fluoroscopy 1mage of the article; and generating a radiation
image of the article for displaying the dose distribution data
matched with the fluoroscopy 1mage of the article.

According to the foregoing embodiment of the aspect of
the present disclosure, the radiation 1image 1s a planar 1image
and the method further includes obtaiming, when the article
1s scanned by X-rays, mass thickness data of the article
under 1rradiation energy corresponding to the X-rays; clas-
sitying mass thickness values 1in the mass thickness data
according to a mass thickness classification condition cor-
responding to the article, wherein the mass thickness clas-
sification condition 1s determined based on mapping rela-
tionship data between the mass thickness values and electron
beam 1rradiation dose distribution data corresponding to the
article; and generating, based on each mass thickness value,
a classification of the mass thickness value and the electron
beam irradiation dose distribution data, the radiation 1image
for displaying the mass thickness values and the electron
beam 1rradiation dose distribution data of the article.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the determination of the
mass thickness classification condition includes determining,
a dose unevenness value corresponding to each mass thick-
ness value based on the mapping relationship data; creating
a mapping relationship curve based on each mass thickness
value and the dose unevenness value corresponding to the
mass thickness value; and determining multiple critical
points 1n the mapping relationship curve, and classifying the
mass thickness values ito multiple classes based on the
multiple critical points.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the determiming multiple
critical points 1 the mapping relationship curve includes
determining, when the article 1s subjected to single-sided
irradiation, the multiple critical points 1n the mapping rela-
tionship curve based on a preset maximum unevenness; and
determining, when the article 1s subjected to double-sided
irradiation, the multiple critical points 1n the mapping rela-
tionship curve based on the preset maximum unevenness
and a valley value of the mapping relationship curve.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the generating, based on
each mass thickness value, a classification of the mass
thickness value and the electron beam irradiation dose
distribution data, the radiation 1mage for displaying the mass
thickness values and the electron beam 1rradiation dose
distribution data of the article includes assigning a display
pattern corresponding to each mass thickness value based on
cach mass thickness value and the classification of the mass
thickness value; and generating the radiation 1mage of the

article, based on the display pattern corresponding to each
mass thickness value.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the generating, based on
each mass thickness value, a classification of the mass
thickness value and the electron beam irradiation dose
distribution data, the radiation 1mage for displaying the mass
thickness values and the electron beam irradiation dose
distribution data of the article further includes obtaining a
mass thickness value corresponding to a target pixel point or
a target area 1n the radiation image; querying, from the
mapping relationship data, the electron beam 1rradiation
dose distribution data corresponding to the mass thickness
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value of the target pixel point or the target area; and
displaying the electron beam irradiation dose distribution
data in the target area.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the generating, based on
each mass thickness value, a classification of the mass
thickness value and the electron beam 1rradiation dose
distribution data, the radiation 1mage for displaying the mass
thickness values and the electron beam 1rradiation dose
distribution data of the article further includes determining
a dose unevenness value corresponding to the target pixel
point or the target area, based on the electron beam irradia-
tion dose distribution data corresponding to the mass thick-
ness value of the target pixel point or the target area;
determining 1rradiation eflect based on a comparison result
between the dose unevenness value and a preset maximum
unevenness; and displaying the dose unevenness value and
the 1rradiation effect 1n the target area.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the radiation 1mage 1s a
stereoscopic 1mage and the method further includes con-
structing a standard dose distribution model, wherein the
standard dose distribution model includes a standard map-
ping relationship between the dose distribution data and
density values of the article under the irradiation of the
preset amount of energy; performing the fluoroscopy scan-
ning on the article, to obtain a stereoscopic fluoroscopy
image of the article and a detected density value of each
spatial point of the article; obtaining dose distribution data
of each spatial point of the article, based on the detected
density value of each spatial point of the article and the
standard mapping relationship in the standard dose distri-
bution model; and matching and displaying the dose distri-
bution data of each spatial point of the article with the
stereoscopic fluoroscopy 1mage.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the constructing a standard
dose distribution model includes constructing an 1nitial dose
distribution model, wherein the initial dose distribution
model includes a theoretical mapping relationship between

energy; obtaining a correction model; and obtaining the
standard dose distribution model by correcting the initial
dose distribution model with the correction model.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the obtaiming a correction
model includes providing a correction component matching,
the article, wherein the correction component imncludes mul-
tiple correction blocks of various sizes; performing a fluo-
roscopy scanning on the correction component to obtain
theoretical density values of the correction component;
measuring masses and sizes of the multiple correction
blocks to calculate multiple real density values correspond-
ing to the multiple correction blocks; and fitting the multiple
real density values with the theoretical density values to
obtain the correction model.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the fitting the multiple
actual density values with the theoretical density values to
obtain the correction model includes performing a polyno-
mial fitting between the multiple real density values and the
theoretical density values.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the multiple correction
blocks are multiple cube correction blocks having a side
length of 0.1 mm to 30 mm, and the multiple cube correction

the dose distribution data and theoretical density values of
the article under the irradiation of the preset amount of
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blocks of various sizes are to be spliced to form the
correction component of a cuboid shape.

According to any of the foregoing embodiments of the
aspect of the present disclosure, the dose distribution data
includes at least one of the following i1tems: ratio data of a
maximum dose to a surface dose; ratio data of a minimum
dose to the surface dose; and dose unevenness data.

According to any of the foregoing embodiments of the

aspect of the present disclosure, the preset amount of energy
1s 1n a range of 1 MeV to 20 MeV.

In another aspect, an embodiment of the present disclo-
sure provides an apparatus for detecting a dose distribution
of an article. The apparatus includes a fluoroscopy unit
coniigured to perform a fluoroscopy scanning on the article,
to obtain mass data per unit area or unit volume for each
point of the article; a data processing unit configured to
obtain corresponding dose distribution data based on the
mass data per unit area or unit volume and a preset mapping
model, wherein the preset mapping model includes a map-
ping relationship between mass per unit area or unit volume
and the dose distribution of the article under irradiation of a
preset amount ol energy; and an 1mage processing unit
configured to match the dose distribution data with a fluo-
roscopy 1mage of the article, and generate a radiation 1mage
of the article for displaying the dose distribution data
matched with the fluoroscopy 1mage of the article.

According to any of the foregoing embodiments of the
another aspect of the present disclosure, the fluoroscopy unit
includes a data obtaining unmit configured to obtain, when the
article 1s scanned by X-rays, mass thickness data of the
article under 1rradiation energy corresponding to the X-rays;
the data processing unit imncludes a data classification umnit
configured to classily mass thickness values in the mass
thickness data according to a mass thickness classification
condition corresponding to the article, wherein the mass
thickness classification condition 1s determined based on
mapping relationship data between the mass thickness val-
ues and electron beam 1rradiation dose distribution data
corresponding to the article; and the 1image processing unit
includes an 1mage generation unit configured to generate,
based on each mass thickness value, a classification of the
mass thickness value and the electron beam 1rradiation dose
distribution data, the radiation 1mage for displaying the mass
thickness values and the electron beam irradiation dose
distribution data of the article.

According to any of the foregoing embodiments of the
another aspect of the present disclosure, the apparatus fur-
ther includes a model processing device configured to con-
struct a standard dose distribution model, wherein the stan-
dard dose distribution model includes a standard mapping
relationship between the dose distribution data and density
values of the article under the irradiation of the preset
amount of energy; the fluoroscopy umit includes a stereo-
scopic fluoroscopy device configured to perform the tluo-
roscopy scanning on the article, to obtain the stereoscopic
fluoroscopy 1mage of the article and the detected density
value of each spatial point of the article; the data processing
unit includes a calculation device connected to the model
processing device and the stereoscopic fluoroscopy device
and configured to obtain the dose distribution data of each
spatial point of the article, based on the detected density
value of each spatial point of the article and the standard
mapping relationship in the standard dose distribution
model; and the 1image processing unit imcludes a display
device connected to the calculation device and configured to
match the dose distribution data of each spatial point of the
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article with the stereoscopic fluoroscopy image and display
the dose distribution data of each spatial point of the article.

According to any of the foregoing embodiments of the
another aspect of the present disclosure, the apparatus fur-
ther includes a correction component configured to be
subjected to a fluoroscopy scanming by the stereoscopic
fluoroscopy unit to obtain a correction model, wherein the
model processing unit 1s to construct an initial dose distri-
bution model and obtain the standard dose distribution
model by correcting the 1imitial dose distribution model with
the correction model.

According to any of the foregoing embodiments of the
another aspect of the present disclosure, the correction
component includes multiple correction blocks of various
sizes, the multiple correction blocks are multiple cube
correction blocks having a side length of 0.1 mm to 30 mm,
and the multiple cube correction blocks of various sizes are
to be spliced to form the correction component of a cuboid
shape.

BRIEF DESCRIPTION OF THE DRAWINGS

To more clearly 1llustrate technical solutions of embodi-
ments of the present disclosure, the accompanying drawings,
which are to be referred by the embodiments of the present
disclosure, will be briefly described. Those skilled 1n the art
will be able to obtain additional drawings i1n accordance with
these drawings without any creative work.

FIG. 1 1s a flowchart of a method for detecting a dose
distribution of an article according to an embodiment of the
present disclosure;

FIG. 2 1s a schematic flowchart of a radiation imaging
method according to an embodiment of the present disclo-
SUre;

FIG. 3 1s a schematic flowchart of a method for obtaiming
mapping relationship data according to an embodiment of
the present disclosure;

FIG. 4 1s a schematic flowchart of a method for deter-
mimng a mass thickness classification condition according,
to an embodiment of the present disclosure;

FIG. 5 1s a graph of the mapping relationship for double-
sided 1rradiation 1n an embodiment of the present disclosure;

FIG. 6 1s a graph of the mapping relationship for single-
sided 1rradiation 1n an embodiment of the present disclosure;

FI1G. 7 1s a schematic flowchart of a method for generating
a radiation 1mage of an article to be detected according to an
embodiment of the present disclosure;

FI1G. 8 1s a schematic flowchart of a method for generating
a radiation 1image of an article to be detected according to
another embodiment of the present disclosure;

FIG. 9 1s a positional relationship diagram of a radiation
image and a target area according to an embodiment of the
present disclosure;

FIG. 10 1s a schematic flowchart of a method for gener-
ating a radiation 1mage of an article to be detected according
to a further embodiment of the present disclosure;

FIG. 11 shows a flowchart of a method for detecting a
spatial dose distribution of an article according to an
embodiment of the present disclosure;

FI1G. 12 1s a flowchart of a step of constructing a standard
dose distribution model 1 a method for detecting a spatial
dose distribution of an article according to an embodiment
of the present disclosure;

FIG. 13 1s a flowchart of a step of obtaining a correction
model 1n a method for detecting a spatial dose distribution
of an article according to an embodiment of the present
disclosure:
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FIG. 14 1s a structural block diagram of an apparatus for
detecting a dose distribution of an article according to an

embodiment of the present disclosure;

FIG. 15 1s a schematic structural diagram of a radiation
imaging device according to an embodiment of the present
disclosure:

FIG. 16 1s a structural block diagram of an apparatus for
detecting a spatial dose distribution of an article according
to an embodiment of the present disclosure;

FIG. 17 to FIG. 20 are schematic diagrams showing an
interface displayed by a display device 1n an apparatus for
detecting a spatial dose distribution of an article according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION

Various aspects of features and exemplary embodiments
of the present disclosure will be described 1n detail below.
The present disclosure will be provided in further detail
below 1 conjunction with accompanying drawings and
embodiments 1n order to make objects, technical solutions
and advantages of the present disclosure to be more clearly
understood. It 1s to be appreciated that the specific embodi-
ments described herein are to be construed to 1illustrate the
present disclosure but not to limit the present disclosure. It
will be apparent to those skilled in the art that the present
disclosure may be practiced without some of these specific
details. The following description of the embodiments is
merely to provide a better understanding of the present
disclosure by illustrating examples thereof.

It 1s to be noted that relational terms such as first, second
and the like are used herein only to distinguish an entity or
operation from another entity or operation without requiring
or implying that there 1s any such actual relationship or order
between these entities or operations. Moreover, the term
“comprise”, “include” or any other variant thereof 1is
intended to encompass a non-exclusive inclusion, such that
a process, method, article or device that includes a series of
clements 1ncludes not only these elements but also other
clements that are not explicitly listed or those elements that
are inherent to such a process, method, article or device. In
the absence of more restrictions, elements defined by the
statement “includes . . . ” do not preclude the presence of
additional 1dentical elements in the process, method, article
or device that includes the elements.

The embodiments of the present disclosure provide a
method for detecting a dose distribution of an article, which
may be a good guidance for the formulation of 1rradiation
processing techniques.

FIG. 1 1s a flowchart of a method for detecting a dose
distribution of an article according to an embodiment of the
present disclosure. The method for detecting the dose dis-
tribution of the article includes steps S1 to S3.

In step S1, a fluoroscopy scanning may be performed on
an article to be detected, to obtain mass data per unit area or
unmt volume for each point of the article to be detected.

In step S2, corresponding dose distribution data may be
obtained based on the mass data per unit area or unit volume
and a preset mapping model. The preset mapping model may
include a mapping relationship between the mass per unit
area or unit volume and the dose distribution of the article
under irradiation of a preset amount of energy.

In step S3, the dose distribution data may be matched with
a fluoroscopy 1mage of the article to be detected, so as to
generate and display a radiation image.

According to the method for detecting the dose distribu-
tion of the article 1n the embodiment of the present disclo-
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sure, the dose distribution data of each point of the article to
be detected may be matched with the fluoroscopy 1mage to
obtain and display the radiation 1mage. In this way, the dose
distribution data of each point of the article to be detected
may be more intuitive and accurate, which may facilitate a
reasonable configuration of various parameters in the 1rra-

diation processing. With the method for detecting the dose
distribution of the article, the dose distribution inside the
article may be clear at a glance, and operational efliciency at
an 1rradiation processing site may be improved.

In the embodiment of the present disclosure, the mass data
per unit area or unit volume may be the mass per unit area,
that 1s, the mass thickness, or the mass per unit volume, that
1s, the (bulk) density. For ease of distinction, hereinafter, the
“mass thickness™ will represent the mass data per unit area
and the “density” will represent the mass data per unit
volume.

In the embodiment of the present disclosure, the fluoros-
copy 1mage of the article to be detected may be a planar
image or a stereoscopic image. When the obtained mass data
per unit area or unit volume of each point of the article to be
detected 1s the mass thickness, the dose distribution data
may be matched with a planar fluoroscopy 1image to obtain
a planar (two-dimensional) radiation i1mage. When the
obtained mass data per unit area or unit volume of each point
of the article to be detected 1s the density, the dose distri-
bution data may be matched with a stereoscopic fluoroscopy
image to obtain a stereoscopic (three-dimensional) radiation
1mage.

The situation when the radiation 1image 1s a planar 1image
will be described below. In some embodiments, the radiation
image 1s a planar image, and the method for detecting the
dose distribution of the article may be a radiation 1maging
method based on detection of a dose field.

FI1G. 2 shows a schematic tlowchart of a radiation imaging,
method according to an embodiment of the present disclo-
sure. As shown 1n FIG. 2, the radiation imaging method may
include steps S110 to S130.

S110: When the article to be detected 1s scanned by
X-rays, the mass thickness data of the article to be detected
may be obtained under 1rradiation energy corresponding to
the X-rays.

S120: Mass thickness values 1n the mass thickness data
may be classified according to a mass thickness classifica-
tion condition corresponding to the article to be detected.
The mass thickness classification condition may be deter-
mined based on mapping relationship data between the mass
thickness values and electron beam 1rradiation dose distri-
bution data corresponding to the article to be detected.

S130: According to each mass thickness value, 1ts clas-
sification and the electron beam 1rradiation dose distribution
data, a radiation 1mage for displaying the mass thickness and
the electron beam irradiation dose distribution data of the
article to be detected may be generated.

Therelfore, in the embodiment of the present disclosure,
the mass thickness data of the article to be detected can be
obtained, the mass thickness data of the article to be detected
can be classified by directly using the mass thickness
classification condition related to the electron beam irradia-
tion dose distribution data, and then the radiation 1mage can
be generated according to each mass thickness value, its
classification and the electron beam 1rradiation dose distri-
bution data, so as to enable a tester to mtuitively determine
whether dose unevenness meets requirements according to
the radiation 1mage, improve test efliciency, and reduce test
cost. In the embodiment of the present disclosure, the
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radiation 1mage may include, for example, a mass thickness
distribution map of the article to be detected.

In step S110 of the embodiment of the present disclosure,
an X-ray device may be used as a scanning device. The
X-ray device may emit X-rays having the same 1rradiation
energy as the electron beam for the irradiation processing to
scan the article to be detected, obtain radiation 1maging
conversion data, and calculate the mass thickness data of the
article to be detected according to a conversion algorithm of
the radiation 1imaging conversion data and the mass thick-
ness data. The mass thickness data may include the mass
thickness values corresponding to various positions of an
X-ray 1rradiation surface of the article to be detected.

FIG. 3 1s a schematic flowchart of a method for obtaining,
mapping relationship data according to an embodiment of
the present disclosure. As shown 1n FIG. 3, the method for
obtaining the mapping relationship data may include steps
S210 and S220.

S5210: Theoretical data of the mass thickness values and
the electron beam 1rradiation dose distribution data corre-
sponding to the article to be detected may be obtained.

S220: The theoretical data may be modified by using
measurement data of the mass thickness values and the
clectron beam 1rradiation dose distribution data correspond-
ing to the article to be detected, to obtain the mapping
relationship data.

In step S210 of the embodiment of the present disclosure,
the Monte Carlo algorithm may be used to obtain the
theoretical data of the mass thickness values and the electron
beam 1rradiation dose distribution data corresponding to the
article to be detected, when simulated material correspond-
ing to the article to be detected 1s wrradiated by an electron
beam having the same wrradiation energy as the electron
beam for the irradiation processing. The wrradiation energy
of the electron beam for the 1irradiation processing may be 1n
a range of 1~20 MeV.

In the embodiment of the present disclosure, the electron
beam irradiation dose distribution data may include data
such as a ratio of a maximum dose to a surface dose, a ratio
of a minimum dose to the surface dose, and the dose
unevenness.

In step S220 of the embodiment of the present disclosure,
when a real product corresponding to the article to be
detected 1s 1rradiated by an electron beam having the same
irradiation energy as the electron beam for the irradiation
processing, the measurement data of the mass thickness
values and the electron beam irradiation dose distribution
data corresponding to the article to be detected may be
obtained. Then, the theoretical data and the measurement
data may be fitted using Excel or MATLAB data processing
soltware to obtain a fitting formula, and the fitting formula
may be used to modity the theoretical data. The modified
data 1s the mapping relationship data. Specifically, the fitting
formula may be a polynomial fitting, such as a linear fitting,
an exponential fitting, a power fitting, and a logarithmic
fitting.

FIG. 4 1s a schematic flowchart of a method for deter-
mining a mass thickness classification condition provided by
an embodiment of the present disclosure. As shown 1n FIG.
4, the method for determining the mass thickness classifi-
cation condition may include steps S310 to S330.

S310: A dose unevenness value corresponding to each
mass thickness value may be determined based on the
mapping relationship data.

S5320: A mapping relationship curve may be created based
on each mass thickness value and its corresponding dose
unevenness value.
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S330: Multiple critical points 1n the mapping relationship
curve may be determined, and the mass thickness values
may be classified into multiple classes according to the
multiple critical points.

In step S310 of the embodiment of the present disclosure,
the ratio of the maximum dose to the surface dose in the
clectron beam 1rradiation dose distribution data correspond-
ing to the mass thickness values may be divided by the ratio
of the minimum dose to the surface dose, to obtain the dose

unevenness value corresponding to each mass thickness
value.

In step S320 of the embodiment of the present disclosure,
the mass thickness values may be represented as abscissas
and the dose unevenness values may be represented as
ordinates, and the mapping relationship curve (mass thick-
ness—dose unevenness curve) may be created by fitting the
mass thickness values with corresponding dose unevenness
values. FIG. § shows the mapping relationship curve for
double-sided irradiation. FIG. 6 shows the mapping rela-
tionship curve for single-sided 1rradiation.

In step S330 of the embodiment of the present disclosure,
the multiple critical points 1n the mapping relationship curve
may be determined as follows.

When the article 1s subjected to single-sided 1rradiation,
the multiple critical points 1n the mapping relationship curve
may be determined according to a preset maximum uneven-
ness;

When the article 1s subjected to double-sided 1rradiation,
the multiple critical points 1n the mapping relationship curve
may be determined according to the preset maximum
unevenness and a valley value of the mapping relationship
curve.

Specific methods for determining the critical points will
be described in detail by referring to the two cases of
double-sided 1rradiation and single-sided 1rradiation.

The First Case (Double-Sided Irradiation)

In this case, the mass thickness values corresponding to
the preset maximum unevenness may be respectively deter-
mined as the critical points At, Bt, Dt, and then the valley
value between the critical point Bt and the critical point Dt
may be determined as the critical point Ct.

The specific position of the critical point Ct may be
determined as follows: the mapping relationship curve
monotonously rises to the highest point, then starts to
monotonously fall, and arrives at the lowest point; there 1s
a small region on both sides of the lowest point where the
value does not change much; and the mass thickness corre-
sponding to the end of the region may be selected as the
critical pomnt Ct. After the critical point Ct, the mapping
relationship curve again shows a fast monotonous rising
pattern. Theretfore, the specific method for determining the
critical point Ct may include: finding the minimum value of
the monotonically decreasing dose unevenness values 1n the
mapping relationship curve; the dose unevenness values of
adjacent points after the minimum value may be subtracted
from each other; when a diflerence having an absolute value
greater than or equal to 0.01 1s obtained, the mass thickness
value corresponding to the dose unevenness value may be
determined as the critical point Ct.

The Second Case (Single-Sided Irradiation)

In this case, the mass thickness value corresponding to the
preset maximum unevenness may be determined as the
critical point Dt, and then the mass thickness values before
the critical point Dt may be equally divided to get three
equidistant points. The three equidistant points may be the
critical points At, Bt, and Ct.
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In step S330 of the embodiment of the present disclosure,
the mass thickness values can be divided into five classes of
mass thicknesses A, B, C, D, and E according to the critical
points At, Bt, Ct, and Dt. Among them, the mass thicknesses
of class A may include the mass thickness values between 0

and the critical point At, the mass thicknesses of class B may
include the mass thickness values between the critical point
At and the critical point Bt, the mass thicknesses of class C
may 1nclude the mass thickness values between the critical
point Bt and the critical point Ct, the mass thicknesses of
class D may include the mass thickness values between the
critical point Ct and the critical point Dt, and the mass
thicknesses of class E may include the mass thickness values
greater than the critical point Dt.

When the article to be detected 1s subjected to the single-
sided 1rradiation, only the dose unevenness values corre-
sponding to the mass thicknesses of class E do not meet the
requirements, and the electron beam cannot penetrate the
article to be detected. When the article to be detected 1is
subjected to the double-sided irradiation, the mass thick-
nesses of class A can be used for the double-sided 1rradiation
and the 1rradiation of a single surface dose can be reduced;
the mass thicknesses of class B can be penetrated by the
double-sided irradiation but the dose unevenness values may
be relatively high; the mass thicknesses of class C may be a
range of mass thicknesses that 1s better for the double-sided
irradiation; the mass thicknesses of class D may be a range
of mass thickness that 1s feasible for the double-sided
irradiation; the mass thickness of class E correspond to the
dose unevenness values that do not meet the requirements,
and the electron beam cannot penetrate the article to be
detected.

FIG. 7 1s a schematic flowchart of a method for generating
a radiation 1mage of an article to be detected according to an
embodiment of the present disclosure. As shown 1n FIG. 7,
step S130 of generating the radiation 1image for displaying
the mass thickness and the electron beam irradiation dose
distribution data of the article to be detected according to
each mass thickness value, 1ts classification and the electron
beam 1rradiation dose distribution data may include steps
S131 and S132.

S131: A display pattern corresponding to each mass
thickness value may be assigned based on each mass thick-
ness value and 1ts classification.

S132: The radiation 1mage of the article to be detected
may be generated based on the display pattern correspond-
ing to each mass thickness value.

In step S131 of the embodiment of the present disclosure,
a color and a color depth corresponding to each mass
thickness value may be assigned based on each mass thick-
ness value and 1ts classification. For example, the color for
the mass thicknesses of class A may be green, the color for
the mass thicknesses of class B may be blue, the color for the
mass thicknesses of class C may be yellow, the color for the
mass thicknesses of class D may be red, and the color for the
mass thicknesses of class E may be black. Meanwhile, in
cach class of mass thicknesses, the greater the mass thick-
ness value 1s, the deeper the color depth corresponding to the
mass thickness value 1s, and the smaller the mass thickness
value 1s, the lighter the color depth corresponding to the
mass thickness value 1is.

In step S132 of the embodiment of the present disclosure,
the radiation image of the article to be detected may be
generated based on the color and the color depth determined
in step S131.

FIG. 8 1s a schematic flowchart of a method for generating,
a radiation 1mage of an article to be detected according to
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another embodiment of the present disclosure. As shown 1n
FIG. 8, step S130 of generating the radiation image for
displaying the mass thickness and the electron beam irra-
diation dose distribution data of the article to be detected
according to each mass thickness value, 1ts classification and
the electron beam irradiation dose distribution data may
turther include steps S133 to S135.

S133: The mass thickness value corresponding to a target
pixel point or a target area in the radiation 1mage may be
obtained.

S134: The electron beam 1rradiation dose distribution data
corresponding to the mass thickness value may be queried
from the mapping relationship data.

S135: The electron beam 1rradiation dose distribution data
may be displayed 1n the target area.

In the embodiment of the present disclosure, the tester can
select the target pixel point or the target area 1n the radiation
image that the tester may want to view detailed data. After
determining the mass thickness value of the target pixel
point or the target area, the electron beam 1rradiation dose
distribution data corresponding to the mass thickness value,
such as the ratio of the maximum dose to the surface dose,
the ratio of the minimum dose to the surface dose, the dose
unevenness, and the like, may be displayed in the target area.

In the embodiment of the present disclosure, the relative
position of the target area and the radiation 1image may be
shown 1n FIG. 9, and the electron beam irradiation dose
distribution data 1s displayed 1n a table format. In another
embodiment, the target area may also be set at an edge of the
radiation 1mage without blocking the radiation image. In
other embodiments of the present disclosure, the target area
may also be set inside the radiation image.

FIG. 10 1s a schematic flowchart of a method for gener-
ating a radiation 1image of an article to be detected according
to a further embodiment of the present disclosure. As shown
in FI1G. 10, step S130 of generating the radiation image for
displaying the mass thickness and the electron beam irra-
diation dose distribution data of the article to be detected
according to each mass thickness value, 1ts classification and
the electron beam 1rradiation dose distribution data may
turther include steps S136 to S138.

S136: The dose unevenness value corresponding to the
target pixel point or the target area may be determined based
on the electron beam irradiation dose distribution data
corresponding to the mass thickness value.

S137: Irradiation eflect may be determined based on a
comparison result between the dose unevenness value and
the preset maximum unevenness.

S138: The dose unevenness value and the irradiation
cllect may be displayed 1n the target area.

In the embodiment of the present disclosure, a specific
process ol performing radiation imaging on a cargo using the
radiation 1imaging method may include five steps as follows.

First step: Prepare the cargo which can be boxes or bulk
articles.

Second step: Put the cargo 1 an X-ray device for scan-
ning.

Third step: Generate the radiation 1mage by the radiation
imaging method.

Fourth step: Display the radiation image.

Fifth step: Display the electron beam 1rradiation dose
distribution data of the target pixel point.

The situation when the radiation 1mage 1s a stereoscopic
image will be described below. In some embodiments, the
radiation 1mage 1s a stereoscopic 1image, and the method for
detecting the dose distribution of the article may be a method
for detecting a spatial dose distribution of an article.
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FIG. 11 shows a flowchart of a method for detecting a
spatial dose distribution of an article according to an
embodiment of the present disclosure. The method for
detecting the spatial dose distribution of the article may
include steps S410 to S440.

In step S410, a standard dose distribution model may be
constructed. The standard dose distribution model may
include a standard mapping relationship between dose dis-
tribution data and density values of the article under 1rra-
diation of a preset amount of energy.

The preset amount of energy may be an energy of 1 MeV
to 20 MeV. The dose distribution data may include at least
any one of: ratio data of the maximum dose to the surface
dose; ratio data of the minimum dose to the surface dose;
dose unevenness data. That 1s, the standard dose distribution
model may 1nclude at least any one of: a standard mapping
relationship between the ratio data of the maximum dose to
the surface dose and the density values; a standard mapping
relationship between the ratio data of the minimum dose to
the surface dose and the density values; a standard mapping
relationship between the dose unevenness data and the
density values.

FIG. 12 1s a flow chart of the step of constructing the
standard dose distribution model in the method for detecting
the spatial dose distribution of the article according to an
embodiment of the present disclosure. In step S410 of this
embodiment, the step of constructing the standard dose
distribution model may include the following steps S411 to
step S413.

In step S411, an 1mitial dose distribution model may be
constructed. The mnitial dose distribution model may include
a theoretical mapping relationship between the dose distri-
bution data and theoretical density values of the article under
the 1rradiation of the preset amount of energy.

In some embodiments, a Monte Carlo or simulation
soltware may be used to simulate a correspondence rela-
tionship between the theoretical density value and the dose
distribution data for each energy range of electron beams
versus each spatial point of the article, and establish a model
of the dose distribution data and the theoretical density
values for different positions (spatial points) of the article.

In step S412, a correction model 1s obtained. The correc-
tion model may be a correction factor or a correction
formula.

FIG. 13 1s a flowchart of the step of obtaining the
correction model in the method for detecting the spatial dose
distribution of the article according to an embodiment of the
present disclosure. The step of obtaining the correction
model may further include steps S4121 to S4124.

In step S4121, a correction component matching the
article to be detected may be provided. The correction
component may include multiple correction blocks of vari-
ous sizes. The correction component may be made of
common materials used 1in 1rradiation processing. For
example, 1n this embodiment, homogeneous plexiglass may
be selected to make the correction component.

In some embodiments, the correction block may be a cube
correction block. A side length of the cube correction block
may be 0.1 mm to 30 mm Multiple cube correction blocks
of various sizes may be spliced to form a cuboid correction
component.

In step S4122, a fluoroscopy scanning may be performed
on the correction component to obtain the theoretical density
values of the correction component. In some embodiments,
a dual-energy X-ray tube scanning correction component
may be used and 1ts 1mage and theoretical density values
may be obtained simultaneously.
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In step S4123, masses and sizes of the multiple correction
blocks may be measured, and multiple real density values
corresponding to the multiple correction blocks may be
calculated.

In step S4124, the multiple real density values may be
fitted with the theoretical density values to obtain the
correction model.

Here, fitting the multiple real density values with the
theoretical density values may include a polynomaial {fitting,
between the multiple real density values and the theoretical
density values, such as a linear fitting, an exponential fitting,
a power litting, a logarithmaic fitting, etc. The obtained fitting
formula may be the correction model 1n form of a correction
formula, and the obtained value may be the correction model
in form of a correction factor.

The following example illustrates a process for obtaining,
the correction model. As described above, the correction
component may be formed by splicing a plurality of cube
correction blocks of various sizes. The correction compo-
nent formed by splicing may be a cuboid with uniform
length and width. A plurality of spatial points corresponding
to the plurality of correction blocks may be obtained from
inside of the correction component. For example, 22 points
may be obtained. The theoretical density value of the
multiple spatial points may be obtained by X-ray technology
fluoroscopy scanning. Through practical measurement, mul-
tiple real density values corresponding to multiple correction
blocks, (1.e., corresponding to multiple spatial points) may
be obtained.

Generally, the multiple real density values may be mul-
tiple scatter points that coincide with the theoretical density
values or are distributed near the theoretical density values.
In some embodiments, multiple differential values between
the multiple real density values and the theoretical density
values may be calculated, and then the multiple differential
values may be fitted with the corresponding scatter points.
Polynomial fitting may be used to obtain the fitted formula
as the correction model i form of the correction formula.

It can be understood that the above process 1s only an
example process of obtaining the correction model. In some
other embodiments, the shape and number of the correction
blocks 1n the correction component may be set as needed,
and the fitting method 1s not limited to the above-mentioned
polynomial fitting by calculating the diflerential values, but
may also be other fittings by calculating quotients.

After the above steps, the correction model may be
obtained. Then, 1 step S413, the mitial dose distribution
model may be corrected by the correction model to obtain
the standard dose distribution model.

The correction model 1s a correction model associated
with the density value. Theretfore, in the process of correct-
ing the mitial dose distribution model to the standard dose
distribution model, the theoretical mapping relationship
between the dose distribution data and the theoretical den-
sity values may be corrected to obtain the standard mapping
relationship that represents a more realistic correspondence
between the dose distribution data and the density values.

As such, the standard dose distribution model may be
obtained.

Continue to refer to FIG. 11. In step S420, a fluoroscopy
scanning may be performed on the article to be detected, to
obtain a stereoscopic fluoroscopy 1image of the article to be
detected and a detected density value of each spatial point of
the article to be detected.

In step S420, the article to be detected may be subjected
to a comprehensive tomography scanning by receiving
X-rays of a certain energy. In some embodiments, a dual-
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energy X-ray tube may be rotated around the article to be
detected to scan the article and obtain a stereoscopic fluo-
roscopy 1mage of the article to be detected. Detectors may
be arranged i multiple columns along a vertical axis
direction to form a two-dimensional detector array. The
signals collected by the detectors may be processed into data
by a computer to obtain the stereoscopic fluoroscopy 1mage
of the article to be detected and a detected density value of
cach spatial point of the article to be detected.

In step S430, the dose distribution data of each spatial
point of the article to be detected may be obtained according
to the detected density value of each spatial point of the
article to be detected and the standard mapping relationship
in the standard dose distribution model. Because the stan-
dard dose distribution model 1s obtained by correcting the
constructed initial dose distribution model, the mapping
relationship between the dose distribution data and the
density values 1n the standard dose distribution model may
be more accurate, which further makes the obtained dose
distribution data of each spatial point more accurate.

In step S440, the dose distribution data of each spatial
pomnt of the article to be detected may be matched and
displayed with the stereoscopic tluoroscopy 1mage. In some
embodiments, other data such as the density value of each
spatial point of the article to be detected may also be
matched and displayed with the stereoscopic tluoroscopy
1mage.

In some embodiments, a suitable application interface
may be developed to display an ultra-high-definition three-
dimensional 1image. In the application interface, a fluoros-
copy 1mage of an interior of the article to be detected may
be viewed from any angle, and fault cross-section informa-
tion of the interior of the article to be detected may be
displayed.

According to the method for detecting the spatial dose
distribution of the article 1n the embodiment of the present
disclosure, the result of the detected dose distribution infor-
mation of the article to be detected can be graphically
displayed and output as data. The dose distribution infor-
mation may include the ratio of the maximum dose to the
surface dose, the ratio of the minimum dose to the surface
dose, and the dose unevenness of the article to be detected
and each unit iside. In this way, analysis results and
suggested schemes can be provided for the subsequent
irradiation processing of the article to be detected. For
example, suggestions about whether the article to be
detected 1s suitable for irradiation, a dose distribution level,
and the like can be provided.

According to the method for detecting the spatial dose
distribution of the article 1n the embodiment of the present
disclosure, the dose distribution data of each spatial point of
the article to be detected may be matched with the stereo-
scopic fluoroscopy image to obtain a three-dimensional
stereoscopic radiation 1mage, and 1mage information of each
spatial point of the article to be detected and the dose
distribution data may be displayed. In this way, the dose
distribution data of each spatial point of the article to be
detected may be more mtuitive and accurate, which may
facilitate a reasonable configuration of various parameters 1n
the irradiation processing. Compared with conventional
techniques, the method for detecting the spatial dose distri-
bution of the article may have the advantages of short test
cycle, high speed and efliciency, high accuracy of test
results, and clear internal conditions of the article, which can
greatly improve the operational efliciency at the 1rradiation
processing site.
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The embodiments of the present disclosure also provide
an apparatus for detecting a dose distribution of an article.
The apparatus may be used to detect the dose distribution of
the article to be detected.

FIG. 14 1s a structural block diagram of an apparatus for
detecting a dose distribution of an article according to an
embodiment of the present disclosure. The apparatus may
include a tluoroscopy unit 10, a data processing umt 20, and
an 1mage processing unit 30.

The fluoroscopy unit 10 may be configured to perform a
fluoroscopy scanning on the article to be detected, to obtain
mass data per unit area or unit volume for each point of the
article to be detected.

The data processing unit 20 may be configured to obtain
corresponding dose distribution data based on the mass data
per unit area or unit volume and a preset mapping model,
wherein the preset mapping model includes a mapping
relationship between mass per unit area or unit volume and
the dose distribution of the article under irradiation of a
preset amount of energy.

The image processing unit 30 may be configured to match
the dose distribution data with a fluoroscopy 1image of the
article to be detected, to generate and display a radiation
image.

According to the apparatus for detecting the dose distri-
bution of the article according to the embodiment of the
present disclosure, the dose distribution data of each point of
the article to be detected may be matched with the fluoros-
copy 1mage to obtain and display the radiation image. In this
way, the dose distribution data of each point of the article to
be detected may be more 1ntuitive and accurate, which may
tacilitate a reasonable configuration of various parameters 1n
the 1rradiation processing. By use of the apparatus to detect
the dose distribution of the article, the dose distribution
inside the article may be clear at a glance, and operational
clliciency at an irradiation processing site may be improved.

The situation when the obtained radiation image 1s a
planar 1image will be described below. In some embodi-
ments, the radiation image 1s a planar image, and the
apparatus for detecting the dose distribution of the article
may be a radiation 1imaging device based on detection of a
dose field.

FIG. 15 1s a schematic structural diagram of a radiation
imaging device according to an embodiment of the present
disclosure. As shown in FIG. 15, the radiation 1maging
device may include a data obtaining unit 410, a data clas-
sification unit 420 and an 1image generation unit 430.

The data obtaining unit 410 may be configured to obtain,
when the article to be detected 1s scanned by X-rays, mass
thickness data of the article under 1rradiation energy corre-
sponding to the X-rays.

The data classification unit 420 may be configured to
classily mass thickness values in the mass thickness data
according to a mass thickness classification condition cor-
responding to the article to be detected, wherein the mass
thickness classification condition 1s determined based on
mapping relationship data between the mass thickness val-
ues and electron beam irradiation dose distribution data
corresponding to the article to be detected.

The 1mage generation unit 430 may be configured to
generate, based on each mass thickness value, a classifica-
tion of the mass thickness value and the electron beam
irradiation dose distribution data, the radiation image for
displaying the mass thickness values and the electron beam
irradiation dose distribution data of the article to be detected.

That 1s, 1n the apparatus for detecting the dose distribution
of the article, the fluoroscopy unit may include the data
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obtaining unit, the data processing unit may include the data
classification unit, and the 1mage processing unit may
include the 1mage generation unit.

Therefore, 1n the embodiment of the present disclosure,
the mass thickness data of the article to be detected can be
obtained, the mass thickness data of the article to be detected
can be classified by directly using the mass thickness
classification condition related to the electron beam irradia-
tion dose distribution data, and then the radiation 1mage can
be generated according to each mass thickness value, its
classification and the electron beam 1rradiation dose distri-
bution data, so as to enable a tester to ituitively determine
whether dose unevenness meets requirements according to
the radiation 1image, improve test efliciency, and reduce test
COst.

In the embodiment of the present disclosure, the radiation
imaging device may further include a condition determina-
tion unit configured to determine the mass thickness classi-
fication condition based on the mapping relationship data
between the mass thickness values and the electron beam
irradiation dose distribution data corresponding to the article
to be detected.

In the embodiment of the present disclosure, the condition
determination umt may be further configured to obtain
theoretical data of the mass thickness values and the electron
beam 1rradiation dose distribution data corresponding to the
article to be detected; and modify the theoretical data by
using measurement data of the mass thickness values and the
clectron beam irradiation dose distribution data correspond-
ing to the article to be detected, to obtain the mapping
relationship data.

In the embodiment of the present disclosure, the condition
determination unit may be further configured to determine a
dose unevenness value corresponding to each mass thick-
ness value based on the mapping relationship data; create a
mapping relationship curve based on each mass thickness
value and the dose unevenness value corresponding to the
mass thickness value; determine multiple critical points in
the mapping relationship curve and classity the mass thick-
ness values into multiple classes based on the multiple
critical points.

In the embodiment of the present disclosure, the 1mage
generation unit 430 may be further configured to assign a
display pattern corresponding to each mass thickness value
based on each mass thickness value and the classification of
the mass thickness value; and generate the radiation 1image
of the article to be detected based on the display pattern
corresponding to each mass thickness value.

In the embodiment of the present disclosure, the image
generation unit 430 may be further configured to obtain the
mass thickness value corresponding to a target pixel point or
a target area 1n the radiation 1image; query the electron beam
irradiation dose distribution data corresponding to the mass
thickness value from the mapping relationship data; and
display the electron beam irradiation dose distribution data
in the target area.

In an embodiment of the present disclosure, the 1image
generation unit 430 may be further configured to determine
a dose unevenness value corresponding to the target pixel
point or the target area based on the electron beam irradia-
tion dose distribution data corresponding to the mass thick-
ness value; determine irradiation effect based on a compari-
son result between the dose unevenness value and a preset
maximum unevenness; and display the dose unevenness
value and the irradiation effect in the target area.

The situation when the obtained radiation i1mage 1s a
stereoscopic 1mage will be described below. In some
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embodiments, the radiation 1mage 1s a stereoscopic 1mage,
and the apparatus for detecting the dose distribution of the
article may be an apparatus for detecting a spatial dose
distribution of an article.

FIG. 16 1s a structural block diagram of an apparatus for
detecting a spatial dose distribution of an article according
to an embodiment of the present disclosure. The apparatus
may include a model processing device 110, a stereoscopic
fluoroscopy device 120, a calculation device 130, and a
display device 140.

The model processing device 110 may be configured to
construct a standard dose distribution model. The standard
dose distribution model may include a standard mapping
relationship between the dose distribution data and density
values of the article under the irradiation of the preset
amount of energy.

The stereoscopic fluoroscopy device 120 may be config-
ured to perform the fluoroscopy scanning on the article 200
to be detected, to obtain the stereoscopic fluoroscopy 1mage
of the article 200 to be detected and the detected density
value of each spatial point of the article 200 to be detected.

The calculation device 130 may be connected to the
model processing device 110 and the stereoscopic fluoros-
copy device 120 and configured to obtain the dose distri-
bution data of each spatial point of the article 200 to be
detected, based on the detected density value of each spatial
point of the article 200 to be detected and the standard
mapping relationship in the standard dose distribution
model.

The display device 140 may be connected to the calcu-
lation device 130 and configured to match the dose distri-
bution data of each spatial point of the article 200 to be
detected with the stereoscopic tluoroscopy 1mage and dis-
play the dose distribution data of each spatial point of the
article 200 to be detected.

That 1s, the apparatus for detecting the dose distribution of
the article may further include the model processing device,
the fluoroscopy unit may include the stereoscopic tluoros-
copy device, the data processing unit may include the
calculation device, and the image processing unit may
include the display device.

In some embodiments, the apparatus for detecting the
dose distribution of the article may further include a cor-
rection component 150 configured to be subjected to a
fluoroscopy scanning by the stereoscopic fluoroscopy unit
120 to obtain a correction model. The model processing
device 110 1s able to construct an mitial dose distribution
model and obtain the standard dose distribution model by
correcting the mitial dose distribution model with the cor-
rection model

Because the standard dose distribution model 1s obtained
by correcting the constructed 1nitial dose distribution model,
the mapping relationship between the dose distribution data
and the density values in the standard dose distribution
model 1s more accurate, which further makes the obtained
dose distribution data of each spatial point more accurate.

In some embodiments, the correction component 150 may
include multiple correction blocks of various sizes. The
correction blocks may be cube correction blocks having a
side length of 0.1 mm to 30 mm. The multiple cube
correction blocks of various sizes can be spliced to form the
correction component 150 of a cuboid shape.

According to the apparatus for detecting the spatial dose
distribution of the article 1n the embodiment of the present
disclosure, the result of the detected dose distribution infor-
mation of the article to be detected can be graphically
displayed and output as data. In some embodiments, a
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suitable application interface may be developed to display
an ultra-high-definition three-dimensional image on the dis-
play device 140. In the application interface, a fluoroscopy
image of an interior of the article to be detected may be
viewed from any angle, and fault cross-section information
of the interior of the article to be detected may be displayed.

FIG. 17 to FIG. 20 respectively show schematic diagrams
of the interface displayed by the display device in the
apparatus for detecting the spatial dose distribution of the
article according to the embodiments of the present disclo-
sure. FIG. 17 to FIG. 20 respectively show schematic
diagrams of the interface when the apparatus 1s used to
detect different types of articles.

FIG. 17 and FIG. 18 are schematic diagrams of the
interface when the apparatus is used to detect pet food, FIG.
19 1s a schematic diagram of the interface when the appa-
ratus 1s used to detect food chicken feet, and FIG. 20 1s a
schematic diagram of the interface when the apparatus 1s
used to detect fruit cherry. In FIG. 17 to FIG. 20, the
interface displayed on the display device 140 may include a
plurality of regions, namely a first region Al located on the
right side, a second region A2 located on the upper leit side,
and a third region A3 located on the lower left side. Among
them, the first region A1 may be used to display a stereo-
scopic 1mage of the article to be detected, the second region
A2 may be switched to display a six-view image of the
article to be detected, and the third region A3 may be used
to display an 1mage of a certain cross-section of the interior
of the article to be detected. The straight line 1n the second
region A2 shows the cut position of the cross-section image.

In the mterface displayed on the display device 140, the
internal structure of the article to be detected and the data
corresponding to each spatial point can be viewed at full
angle, and a certain cross-section inside can be zoomed 1n
and viewed. FIG. 17 and FIG. 18 respectively show the
interface at diflerent angles for the pet food.

In the interface displayed on the display device 140,
different penetration thickness intervals may be distin-
guished by different colors or chromaticities, and the dose
distribution data corresponding to any spatial point or area
may be displayed by selecting the corresponding point or
frame-selecting the corresponding area. The dose distribu-
tion information may include the ratio of the maximum dose
to the surface dose, the ratio of the mimimum dose to the
surface dose, and the dose unevenness of the article to be
detected and each unit 1nside. In thus way, analysis results
and suggested schemes can be provided for the subsequent
irradiation processing of the article to be detected. For
example, suggestions about whether the article to be
detected 1s suitable for irradiation, a dose distribution level,
and the like can be provided.

According to the apparatus for detecting the spatial dose
distribution of the article according to the embodiment of the
present disclosure, the dose distribution data of each spatial
point of the article to be detected may be matched with the
stereoscopic fluoroscopy i1mage to obtain a three-dimen-
sional stereoscopic radiation 1mage, and 1mage information
of each spatial point of the article to be detected and the dose
distribution data may be displayed on the display device
140. In this way, the dose distribution data of each spatial
point of the article to be detected may be more intuitive and
accurate, which may facilitate a reasonable configuration of
various parameters in the irradiation processing. Compared
with conventional techniques, the method for detecting the
spatial dose distribution of the article may have the advan-
tages of short test cycle, high speed and ethiciency, high
accuracy of test results, and clear internal conditions of the
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article, which can greatly improve the operational efliciency
at the 1rradiation processing site.

It 1s to be understood that the embodiments of the present
disclosure are not limited to the specific configurations and
processes described above and shown 1n the drawings. For
the purpose of concision, the detailed description of known
technique 1s omitted herein. In the above embodiments, a
number ol specific steps are described and illustrated as
examples. However, the processes of the embodiments of
the present disclosure are not limited to the specific steps
described and illustrated. A person skilled in the art may
make various changes, modifications and additions, or
change the order of the steps after understanding the spirit of
the present disclosure.

The functional blocks shown in the structural block
diagrams described above can be implemented as hardware,
soltware, firmware, or a combination thereof. When imple-
mented 1n hardware, 1t may be, for example, an electronic
circuit, an application specific integrated circuit (ASIC),
appropriate firmware, a plug-in, a function card, and so on.
When implemented 1n software, the elements of the present
disclosure may be a program or a code segment that 1s used
to perform the required tasks. The program or the code
segment may be stored in a machine-readable medium, or
transmitted on a transmission medium or a communication
link through a data signal carried in a carrier wave.
“Machine-readable medium” may include any medium
capable of storing or transmitting information. Examples of
the machine-readable medium may include an electronic
circuit, a semiconductor memory device, ROM, flash
memory, erasable ROM (EROM), a floppy disk, CD-ROM,
an optical disk, a hard disk, fiber optic medium, a radio
frequency (RF) link, and so on. The code segment can be
downloaded via a computer network such as the Internet, an
intranet, and so on.

It should also be noted that the exemplary embodiments
mentioned 1n the present disclosure describe some methods
or systems based on a series of steps or devices. However,
the present disclosure 1s not limited to the order of the above
steps, that 1s, the steps may be performed in the order
mentioned 1n the embodiments and may also be performed
in an order different from the order in the embodiments, or
several steps may be performed simultaneously.

The above description 1s only for illustrating the specific
embodiments of the present disclosure. It will be apparent to
those skilled 1n the art that, for the sake of convenience and
simplicity of description, specific operating processes of the
systems, units and elements described above may be known
by referring to corresponding processes in the foregoing
method embodiments, and will not be repeated herein. It 1s
to be understood that the scope of the present disclosure 1s
not limited thereto. Within the technical scope of the present
disclosure, various modifications or substitutions may be
readily apparent to those skilled in the art, and all of the
modifications or substitutions are to be included within the
scope of the present disclosure.

What 1s claimed 1s:
1. A method for detecting a dose distribution of an article,
comprising;

performing a fluoroscopy scanning on the article, to
obtain mass data per unit area or unit volume for each
point of the article;

obtaining corresponding dose distribution data based on
the mass data per unit area or unit volume and a preset
mapping model, wherein the preset mapping model
includes a mapping relationship between mass per unit
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area or unit volume and the dose distribution of the
article under irradiation of a preset amount of energy;

matching the dose distribution data with a fluoroscopy
image of the article; and

generating a radiation 1image of the article for displaying
the dose distribution data matched with the fluoroscopy
image of the article.

2. The method of claim 1, wherein the radiation 1mage 1s

a planar 1image and the method further comprises:

obtaining, when the article 1s scanned by X-rays, mass
thickness data of the article under irradiation energy
corresponding to the X-rays;

classifying mass thickness values 1n the mass thickness
data according to a mass thickness classification con-
dition corresponding to the article, wherein the mass
thickness classification condition 1s determined based
on mapping relationship data between the mass thick-
ness values and electron beam 1rradiation dose distri-
bution data corresponding to the article; and

generating, based on each mass thickness value, a clas-
sification of the mass thickness value and the electron
beam 1irradiation dose distribution data, the radiation
image for displaying the mass thickness values and the
clectron beam 1rradiation dose distribution data of the
article.

3. The method of claim 2, wherein the determination of
the mass thickness classification condition comprises:

determinming a dose unevenness value corresponding to

cach mass thickness value based on the mapping rela-
tionship data;
creating a mapping relationship curve based on each mass
thickness value and the dose unevenness value corre-
sponding to the mass thickness value; and

determining multiple critical points 1n the mapping rela-
tionship curve, and classifying the mass thickness
values into multiple classes based on the multiple
critical points.

4. The method of claim 3, wheremn the determining
multiple critical points in the mapping relationship curve
COmMprises:

determiming, when the article 1s subjected to single-sided

irradiation, the multiple critical points in the mapping
relationship curve based on a preset maximum uneven-
ness; and
determining, when the article 1s subjected to double-sided
irradiation, the multiple critical points 1n the mapping
relationship curve based on the preset maximum
unevenness and a valley value of the mapping relation-
ship curve.
5. The method of claim 2, wherein the generating, based
on each mass thickness value, a classification of the mass
thickness value and the electron beam irradiation dose
distribution data, the radiation 1mage for displaying the mass
thickness values and the electron beam 1rradiation dose
distribution data of the article comprises:
assigning a display pattern corresponding to each mass
thickness value based on each mass thickness value and
the classification of the mass thickness value; and

generating the radiation 1image of the article, based on the
display pattern corresponding to each mass thickness
value.

6. The method of claim 5, wherein the generating, based
on each mass thickness value, a classification of the mass
thickness value and the electron beam irradiation dose
distribution data, the radiation 1mage for displaying the mass
thickness values and the electron beam i1rradiation dose
distribution data of the article further comprises:
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obtaining a mass thickness value corresponding to a target
pixel point or a target area 1n the radiation 1mage;

querying, from the mapping relationship data, the electron
beam irradiation dose distribution data corresponding
to the mass thickness value of the target pixel point or
the target area; and

displaying the electron beam 1rradiation dose distribution

data 1n the target area.

7. The method of claim 6, wherein the generating, based
on each mass thickness value, a classification of the mass
thickness value and the electron beam irradiation dose
distribution data, the radiation 1mage for displaying the mass
thickness values and the electron beam 1rradiation dose
distribution data of the article further comprises:

determining a dose unevenness value corresponding to the

target pixel point or the target area, based on the
clectron beam irradiation dose distribution data corre-
sponding to the mass thickness value of the target pixel
point or the target area;

determining 1wrradiation effect based on a comparison

result between the dose unevenness value and a preset
maximum unevenness; and
displaying the dose unevenness value and the 1rradiation
ellect 1n the target area.
8. The method of claim 1, wherein the radiation 1mage 1s
a stereoscopic 1mage and the method further comprises:
constructing a standard dose distribution model, wherein
the standard dose distribution model includes a stan-
dard mapping relationship between the dose distribu-
tion data and density values of the article under the
irradiation of the preset amount of energy;

performing the fluoroscopy scanning on the article, to
obtain a stereoscopic fluoroscopy 1image of the article
and a detected density value of each spatial point of the
article;

obtaining dose distribution data of each spatial point of

the article, based on the detected density value of each
spatial point of the article and the standard mapping
relationship 1n the standard dose distribution model;
and

matching and displaying the dose distribution data of each

spatial point of the article with the stereoscopic fluo-
roscopy 1mage.

9. The method of claim 8, wherein the constructing a
standard dose distribution model comprises:

constructing an 1mtial dose distribution model, wherein

the mitial dose distribution model includes a theoretical

mapping relationship between the dose distribution

data and theoretical density values of the article under

the 1rradiation of the preset amount of energy;
obtaining a correction model; and

obtaining the standard dose distribution model by cor-

recting the i1mitial dose distribution model with the
correction model.

10. The method of claim 9, wherein the obtaining a
correction model comprises:

providing a correction component matching the article,

wherein the correction component includes multiple
correction blocks of various sizes:

performing a fluoroscopy scanning on the correction

component to obtain theoretical density values of the
correction component;
measuring masses and sizes ol the multiple correction
blocks to calculate multiple real density values corre-
sponding to the multiple correction blocks; and

fitting the multiple real density values with the theoretical
density values to obtain the correction model.
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11. The method of claim 10, wherein the fitting the
multiple actual density values with the theoretical density
values to obtain the correction model comprises performing
a polynomial fitting between the multiple real density values
and the theoretical density values.

12. The method of claim 10, wherein the multiple cor-
rection blocks are multiple cube correction blocks having a
side length of 0.1 mm to 30 mm, and the multiple cube
correction blocks of various sizes are to be spliced to form
the correction component of a cuboid shape.

13. The method of claim 8, wherein the dose distribution
data comprises at least one of:

ratio data of a maximum dose to a surface dose:

ratio data of a minimum dose to the surface dose; and

dose unevenness data.

14. The method of claim 8, wherein the preset amount of
energy 1s 1 a range of 1 MeV to 20 MeV.

15. An apparatus for detecting a dose distribution of an
article, comprising;:

a fluoroscopy umit configured to perform a fluoroscopy
scanning on the article, to obtain mass data per unit area
or unit volume for each point of the article;

a data processing unmt configured to obtain corresponding,
dose distribution data based on the mass data per unit
area or unit volume and a preset mapping model,
wherein the preset mapping model includes a mapping
relationship between mass per unit area or unit volume
and the dose distribution of the article under 1rradiation
of a preset amount of energy; and

an 1mage processing unit configured to match the dose
distribution data with a fluoroscopy image of the
article, and generate a radiation image of the article for
displaying the dose distribution data matched with the
fluoroscopy 1mage of the article.

16. The apparatus of claim 15, wherein:

the tfluoroscopy unit icludes a data obtaining unit con-
figured to obtain, when the article 1s scanned by X-rays,
mass thickness data of the article under irradiation
energy corresponding to the X-rays;

the data processing unit includes a data classification unit
configured to classily mass thickness values 1n the mass
thickness data according to a mass thickness classifi-
cation condition corresponding to the article, wherein
the mass thickness classification condition 1s deter-
mined based on mapping relationship data between the
mass thickness values and electron beam irradiation
dose distribution data corresponding to the article; and

the 1mage processing unit includes an 1mage generation
unit configured to generate, based on each mass thick-
ness value, a classification of the mass thickness value
and the electron beam 1rradiation dose distribution data,
the radiation 1mage for displaying the mass thickness
values and the electron beam 1rradiation dose distribu-
tion data of the article.

17. The apparatus of claim 15, further comprising:

a model processing device configured to construct a
standard dose distribution model, wherein the standard
dose distribution model includes a standard mapping
relationship between the dose distribution data and
density values of the article under the 1rradiation of the
preset amount of energy, wherein:

the fluoroscopy unit includes a stereoscopic tluoroscopy
device configured to perform the fluoroscopy scanning
on the article, to obtain a stereoscopic tluoroscopy
image of the article and a detected density value of each
spatial point of the article;
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the data processing unit includes a calculation device
connected to the model processing device and the
stereoscopic tluoroscopy device and configured to
obtain the dose distribution data of each spatial point of
the article, based on the detected density value of each 5
spatial point of the article and the standard mapping
relationship 1n the standard dose distribution model;
and

the 1image processing unit includes a display device con-
nected to the calculation device and configured to 10
match and display the dose distribution data of each
spatial point of the article with the stereoscopic fluo-
roscopy 1mage.

18. The apparatus of claim 17, further comprising:

a correction component configured to be subjected to a 15
fluoroscopy scanning by the stereoscopic fluoroscopy
unit to obtain a correction model,

wherein the model processing device 1s to construct an
initial dose distribution model and obtain the standard
dose distribution model by correcting the 1nitial dose 20
distribution model with the correction model.

19. The apparatus of claim 18, wherein the correction
component includes multiple correction blocks of various
s1izes, the multiple correction blocks are multiple cube
correction blocks having a side length of 0.1 mm to 30 mm, 25
and the multiple cube correction blocks of various sizes are
to be spliced to form the correction component of a cuboid
shape.
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